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(57) Abstract 

A system for generating globally unique identifiers for objects in a distributed object oriented database (8). In one embodiment the 
system comprises at least two processors (12, 14) connected by means of a network (10) to a processor (16) executing a server process 
(26) which provides globally unique identifiers for objects throughout the network (10). Each processor (12, 14) on the network (10) may 
execute one or more client processes (18, 20, 22, 24), each of which may run transactions against the database (8). Each such client process 
(18, 20, 22, 24) transmits a request to the server process (26) which provides the globally unique identifiers when that client process (18, 20, 
22, 24) requires a globally unique object identifier for objects which the requesting client process (18, 20, 22, 24) is creating. In response 
to the request, the server (26) which provides globally unique identifiers transmits a range of globally unique bject indentifiers to the 
requesting client process (18, 20, 22, 24). The requesting client process (18, 20, 22, 24) then allocates object indentifiers to the object it is 
creating. Upon completion of the allocation of the globally unique object indentifiers to the objects which have been created, the requesting 
client process (18, 20, 22, 24) then returns any unused globally unique object identifiers to the server (26) for use by other client processes 
(18, 20, 22, 24). 
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A SYSTEM FOR GENERATING GLOBALLY UNIQUE 
OBJECT IDENTITIES 

FIELD OF THE INVENTION 
The invention relates to the field of distributed object 
oriented databases and more particularly to the generation 
of globally unique object identifiers for distributed object 
oriented database systems. 

BACKGROUND OF THE INVENTION 

Critical to any object oriented database (0DB) is the 
concept of persistent object identity. In the most general 
sense, object identity is an inalienable characteristic of 
an object which can be used to differentiate the object from 
all other objects, even if other objects are otherwise 
similar, and to retrieve the object from a persistent storage 
device such as a magnetic disk and transfer the object into 
computer memory. 

In theory, any pattern of bits can serve to implement 
the object identifier (OID) , so long as that pattern is never 
used to implement the identity of any other object. Thus, 
a machine or system which generates unique bit patterns would 
be sufficient for providing persistent OIDs so long as the 
same bit pattern was never generated twice. In practice, 
performance considerations prefer OIDs that are as small as 
possible and systems which generate OIDs as quickly as 
possible. 

In a distributed computing system consisting of multiple 
processors executing multiple client processes and 
interconnected by a network, there is a special challenge in 
assuring that each client process can locally assign OIDs 
that are globally unique across all client processes. 
Typically three basic approaches to this challenge have been 
attempted . 

In the first approach each client process independently 
generates globally unique OIDs. One typical technique is to 
form OIDs by concatenating a processor identifier with a 
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date-time stamp. Since each processor on the network has a 
unique identifier (for the purpose of network communication) 
and since the date-time stamp is monotonically increasing, 
each OID created is guaranteed to be unique. In another 
approach, each client process independently generates locally 
unique OIDs, which are then changed to globally unique OIDs 
(if necessary) by an independent agent, such as a central 
server. In a third approach to the problem, each client 
process appeals to an independent agent such as a central 
server to generate globally unique OIDs each time the client 
process needs to create an object. 

Each of these approaches has performance trade-offs. 
Because the first approach generates globally unique ids 
(GUIDs) locally, it saves the expense of network 
communication with a server or coordinating agent that is 
incurred by the other approaches . However, the price 
incurred by this lack of communication is that the OIDs in 
this approach tend to be large. Larger OIDs require more 
disk storage and also require more time to read, write, and 
process. 

The second approach generates locally unique OIDs 
(LUIDs) and when these LUIDs happen to be also recognizably 
globally unique, this approach performs well. However, 
problems arise in concurrent environments when the LUIDs must 
be converted or remapped into GUIDs. The cost of this 
conversion is at least proportional to the number of newly 
created objects and may be much greater, since all objects 
which reference newly created objects must have those 
references converted from LUID to GUID as well. 

The third approach avoids both the conversion expense 
of the second approach, and the large GUIDs of the first 
approach. However, performance problems associated with this 
method result from the more frequent communication with the 
server or coordinating agent than in either of the other 
approaches. Such frequent communication causes the 
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performance to degrade very quickly in the presence of a 
large amount of network traffic. 

What is required then is a system which will generate 
globally unique object identifiers without the large GUID 
size required of locally generated identifiers, without the 
performance degradation due to identifier conversion, and 
without the excessive network traffic which typically 
accompanies the use of an identification server. 

SUMMARY OF THE INVENTION 

The invention relates to a system for generating 
globally unique identifiers for objects in a distributed 
object oriented database. In one embodiment the system 
comprises at least two processors each of which may execute 
one or more client processes and each of which is connected 
by means of a network to a server which provides globally 
unique identifiers for objects throughout the network. 

Each client process on the network may transmit a 
request to the server which provides globally unique 
identifiers when the client process requires a globally 
unique object identifier to identify objects which the 
requesting client process is creating. In response to the 
request, the server transmits a range of globally unique 
object identifiers to the requesting client process. 

The requesting client process then allocates object 
identifiers from this range of globally unique object 
identifiers. Upon completion of the allocation of the 
globally unique object identifiers, to objects which it has 
created, the requesting client process then releases the 
unused globally unique object identifiers back to the server 
for use by other client processes. 

DESCRIPTION OF THE DRAWINGS 
This invention is pointed out with particularity in the 
appended claims. The above and further advantages of this 
invention may be better understood by referring to the 
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following description taken in conjunction with the 
accompanying drawing, in which: 

Fig. 1 is a block diagram of an embodiment of the system 
of the invention; 

Pig. 2 is a block diagram of the communication between 
client processes and the globally unique identification 
server of the invention of Pig. i ; 

Pig. 3 is a block diagram of the object identifier space 
of the present invention; 

iden,^' / 18 3 bl ° Ck diagran ° f " * lobal1 * 
identification space during the process-server communications 
shown an Fig. 2; 

Fig. 5 is a flow diagram of an embodiment of the system 
of Fig. 1 depicting the creation and transfer of a globally 
unigue object identifier space object between client 
processes and a server process; and 

Fig. 6 is a flow diagram of another embodiment of the 
system of Fig. x depicting the transfer of parameter data 
between client processes and a server process. 

DETAILED DESCRTPTTDM O F TH F TMVT^-r^T 

Referring to Fig. i, in one embodiment a distributed 
object oriented database system (ODB) 8 includes a network 
10 connecting at least three processors 12, 14 and 16. 
Processors 12 and 14, in this embodiment, are each executing 
two different client processes is, 22 and 20 , J 

17tT*T y ' These client processes 18 ' 20 - 22 ' 24 «y »- 

different incarnations of a single application program, or 
they may be different application programs. For the ^rposes 
of this discussion, client processes is, 20 , 22/ 24 are 
running concurrently, and each is generating objects and 
hence using OlDs that must be globally unique 

Processor 16 is executing a server process 26 which 

ZZ T T ally unique identifiers for ob ^ ts - ^ 

network. Server process 26 may perform many functions, but 
f r the purposes of this invention, server process 26 must 
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at least assist in the generation of globally unique OIDs . 
Server process 26 is hereinafter also referred to as a GUID 
Server 26. Further, processor 16 executing the GUID server 
process 26 may be running other unrelated processes 28 and 
need not be dedicated to the GUID generation task. 

In brief overview, and referring to Fig. 2, in order to 
improve performance, the distributed object oriented database 
system 8 will not require client processes 18, 20, 22, 24 to 
communicate with the GUID server 26 each time a globally 
unique object identifier is required. Instead, each client 
process 18, 20, 22, 24 will request a range of globally 
unique object identifiers from the GUID server 26 
infrequently. 

Each time a client process 18, 20, 22, 24 requests a 
range of globally unique object identifiers from the GUID 
server 26, the client process 18, 20, 22, 24 is reserving a 
block of globally unique object identifiers. (Step 50) While 
a given client process, for example 18, has a range of OIDs 
reserved, no other client process, for example 20, can use 
OIDs in that range. Each other client process 20, 22, 24 
must reserve its own range instead. This guarantees that no 
two client processes 18, 20, 22, 24 can assign the same OID 
to objects it creates, and hence assures global uniqueness. 

After reserving a range of OIDs, the client process, for 
example 18 will locally allocate OIDs out of this range of 
OIDs to the objects which client process 18 creates, (step 
52) The performance advantage of this method of OID 
generation accrues from the fact that a client process 18, 
20, 22, 24 does not need to communicate with the GUID 
server 26 each time it needs an OID. in fact, additional 
requests to the GUID server 26 will only occur when a client 
process 18, 20, 22, 24 exhausts all the OIDs it previously 
reserved. 



At the same time that client process 18 is allocating 
OIDs to the objects it is creating, another client process 
20 is reserving a different block of globally unique object 
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identifiers. (Step 54) Once client process 20 has received 
its block of OIDs from GUID server 26, it too may begin 
allocating OIDs to objects it is creating. (Step 56) 

When client process 18 finishes allocating OIDs to 
objects it creates, client process 18 communicates with the 
GUID server 26 again to return any unused OIDs from the 
reserved range. (Step 58) Typically, the number of OIDs 
actually allocated to objects by a client process 18, 20, 22, 
24 will be much smaller than the number reserved for use by 
the client process 18, 20, 22, 24. After the client process 
18 has returned the unused portion of the range of GIDs it 
previously reserved, GUID server 26 is free to provide the 
unused OIDs to any client process 18, 20, 22, 24 to honor 
subsequent reservation requests. (Step 60) 

The technique of the invention may also be used to 
generate unique OIDs in an embodiment in which multiple ODB 
clients are executed on the same processor. m this 
embodiment, the client processes and the server process are 
able to communicate through shared memory. The performance 
improvement due to the method of the invention in such an 
embodiment is not as great as it is in an embodiment 
incorporating a network. 

In more detail and referring also to Fig. 3, in the 
embodiment shown, globally unique OID generation is 
coordinated by the GUID Server 26 using an object which is 
referred to as the OID Space 80. A benefit of using the OID 
Space object is that this object allows multiple client 
processes 18, 20, 22, 24 executing concurrently on different 
processors 12, 14, to create new objects with new object 
identifiers, without the danger of creating duplicate OIDs. 

In one embodiment, the invention uses an OID Space 
object 80 to map sequential integers, from 0 through 2 3, -l, 
into the bit patterns which form the OID. Therefore, the 
number of valid OIDs in the space is equal to the number of 
integers in the sequence. This results in what is referred 
to as the cardinality of the OID Space object 80. 
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The GUID server 26 partitions the space of all valid 
OIDs into a number of non-overlapping OID ranges (1 through 
n) 82, 84, 86, 88, 90 in the OID Space object 80. These are 
the ranges which are reserved by client processes 18, 20, 22, 
24 when object identifiers are required. At any given tine, 
a given range, for example range_l 82, may be reserved by at 
most one client 18, 20, 22, 24. This means that number of 
OID Space ranges 82, 84, 86, 88, 90 is equal to the maximum 
number of client processes 18, 20, 22, 24 which can be 
generating objects and hence which will require OIDs at the 
same time. 

A client process 18, 20, 22, 24 generally reserves a 
range of OIDs for the duration of the transaction which is 
creating objects. At the end of the transaction, when the 
client process has finished allocating OIDs, the client 
process 18, 20, 22, 24 records, for each range the client 
process has reserved, the highest OID 92, 94, 96, 98 that the 
client process actually allocated. Thus the unused portions 
of the reserved ranges may then be returned to the GUID 
server 26 for use by the same or other processes at a later 
time. If a client process 18, 20, 22, 24 has not used any 
OIDs in a range that the client process 18, 20, 22, 24 has 
reserved, the client process 18, 20, 22, 24 simply cancels 
the reservation. 

Both the cardinality of the OID Space object 80 and the 
number of partitioned ranges are specified at the time the 
OID Space object 80 is created. Although both the 
cardinality and the number of partitions may be any natural 
number (provided the number of partitions is less than or 
equal the cardinality) , the embodiment shown limits both 
numbers to being powers of 2. This permits the space to be 
divided into equal ranges and permits the quick computation 
of the start and end of each range by bit-shift operations. 

In the embodiment shown, OID Space object 80 is a data 
structure comprising three space parameters (Number_Of_OIDs, 
Number Of Partitions, Number Of Partitions Created), which 
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are described below, and a High_Water Vector 81, The OID 
Space object 80 has a cardinality of 2 31 and has 2 7 
partitions. Thus the OID Space object 80 depicted is capable 
of allocating about 2 billion OIDs, partitioned into 128 
ranges 82, 84, 86, 88, 90 with about 16 million OIDs per 
range. Each range 82, 84, 86, 88, 90 has a start OID 100, 
102, 104, 106, 110 and an end OID. For all but the last 
range, the end OID of one range is an OID which is one less 
than the start OID 102, 104, 106, 108, 110 of the next 
subsequent range. Fig. 3 depicts the numerical value of the 
start of each range, 100, 102, 104, 106, 108, 110.- Each 
range 82, 84, 86, 88, 90 may has a high water mark 92, 94, 
96, 98, which indicates the last OID in that range to have 
been allocated. 

It should be noted that one complication of using an OID 
Space object 80 to generate GUIDs is that the OID Space 
object 80 must itself have a globally unique identifier. 
This issue may be addressed in several ways. A first method 
is to assign an OID in the OID Space object 80 to itself. 
Thus, for example, assigning the bit string 0 to the OID 
Space object 80, the first partition would have one less OID 
than the other partitions, but the first OID would be 
predetermined to belong to the OID Space object 80. A second 
method is to simply make the OID Space object 80 one object 
in a larger OID object space which itself may have a 
prereserved OID. 

Fig. 4 depicts the changes in OID Space object 80' as 
the communication between GUID server 26 and client processes 
18 and 20 (as shown in Fig. 2) occur. Initially (Step 48) 
the OID Space object 80' is partitioned into 4 ranges 82', 
84', 86', 88'. Ranges 82', 84' and 86' each have allocated 
OIDs and hence have high water marks 92', 94' and 96' as 
indicated. In this example, it should be noted that range 
86' has a high water mark 96' which encompasses the entire 
range 86' and hence no further OIDs may be allocated from it. 
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conversely, range 88' has no OlDs allocated and hence its 
high water mark is at its start. 

Once client process 18 has contacted GUID server 26 and 
has reserved a range of OIDs, OIDs 130 in range 82' from the 
previous high water mark 92' to the end of the range 82' are 
marked as reserved (Step 50) . When process 20 contacts GUID 
server 26 to reserve a range of OIDs, OIDs 132 in a different 
range 84' from the previous high water mark 94' to the end 
of the range 84' are marked as reserved (Step 54). When 
client process 18 contacts GUID server 26 to return the 
unused portion of its reserved range 130 (step 58), the high 
water mark 92 " in range 82 ' is increased to the level of the 
last used OID. The OIDs 134 between the new high water mark 
92" and the end of the range 82' are then marked as 
unreserved. If client process 18 then makes a request to the 
GUID server 26 to reserve a new range of OIDs (Step 60), 
OIDs 136 from any unreserved range, in this example, 88', may 
then be allocated. 

In brief overview, and referring to Fig. 5, in one 
embodiment of the system for generating globally unique 
identifiers, a client process 18 creates an OID Space object 
80, partitions it into a number of ranges 82, 84, 86, 88, 
(Step 150) and then transfers OID object 80 to server process 
26 (Step 152). Server process 26 is now responsible for 
storing the OID Space object 80 and for controlling locks on 
the object that prevent the object from being modified by 
more than one client process 18, 20 at a time. When client 
process 18 wishes to reserve a range of OIDs, client 
process 18 requests a range (Step 154) and, in response, 
server process 26 institutes a lock on the OID Space 
object 80 and transfers OID Space object 80 to client process 
18 (Step 156) . 

Client process 18 then reserves range 86 of OIDs 
(Step 158) . Client process 18 therefore has a range of OIDs 
available for allocation as demarcated by the start and end 
of the range. At this time, no ther concurrent client 
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process can allocate OIDs in the range reserved by client 
process 18. Client process 18 then transfers the object 80 
back to server process 26, which releases the lock (Step 160) 
permitting client processes 18, 20, 22 f 24 access to OID 
Space object 80. Client process 18 then allocates an OID 
from this reserved range of OIDs to each object it creates. 

While client process 18 is allocating OIDs, client 
process 20 requests a range of OIDs (Step 162) and server 
process 26 again institutes a lock. Server process 26 then 
transfers the OID Space object 80 to client process 20 (Step 
164) . Client process 20 then reserves a range 82 of OIDs 
(Step 166) and returns the OID Space object 80 to server 
process 26, which releases the lock (Step 168). 

When client process 18 wishes to release its unused 
OIDs, it sends a request to server process 26 (Step 170) , 
which institutes a lock and transfers OID Space object 80 to 
client process 18 (Step 172). When client process 18 has 
released the unused OIDs and reset the high water mark 180 
(Step 174) , the OID Space object 80 is. again transferred to 
server process 26 (Step 176), which releases the lock. The 
release of unused OIDs is initiated after the client has 
completed allocating OIDs from its reserved range. This 
completion usually occurs when the client's transaction 
completes (either by committing the transaction to disk or 
aborting) or, although rarely, when the client has exhausted 
its reserved range and must reserve a new range. 

There are two means of returning the reserved range: 
transmitting to the server the last OID used, and cancelling 
the reservation. The former is more common, occurring when 
the client has allocated, to an object, at least one OID from 
a reserved range. The cancel reservation option is used 
either when the client has allocated no OIDs from the range 
or when it intends to abort its transaction. The two means 
of returning unused OIDs are described more fully below. 

Referring to Fig. 6, in an alternative embodiment of the 
system for generating globally unique identifiers, server 
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process 26 creates an OID Space object 80 and partitions it 
into a number of ranges 82, 84, 86, 88, (step 180). Server 
process 26 is responsible for storing and maintaining the OID 
Space object. 

When client process 18 wishes to reserve a range of 
OIDs, client process 18 requests a range (step 182) and, in 
response, server process 26 reserves a range of OIDs (Step 
184) and transfers the OIDs at the lower and upper bounds of 
the reserved range to client process 18 (Step 186) . Client 
process 18 therefore has a range of OIDs available for 
allocation demarcated by the start and end of the range. At 
this point no other concurrent client process 20 can allocate 
OIDs in the range reserved by client process 18. Client 
process 18 then allocates an OID from this range of OIDs to 
15 each object it creates. 

At the same time that client process 18 is allocating 
OIDs to objects it has generated, process 20 requests a range 
of OIDs (Step 188). Server process 26 reserves a range of 
OIDs (Step 190) and transfers the lower and upper OIDs of the 
reserved range to process 20 (Step 192). 

When client process 18 wishes to release its unused 
OIDs, it sends a request to server process 26 (Step 194), 
which contains the last OID it used. The release of unused 
OIDs is initiated after the client process has completed 
allocating OIDs from its reserved range. Again, this 
completion usually occurs when the client's transaction 
completes or, rarely, when the client process has exhausted 
its reserved range and must reserve a new range. 

Again, there are two means of returning the reserved 
range: transmitting to the server the last OID used, and 
cancelling the reservation. The former is more common, 
occurring when the client process has allocated at least one 
OID from a reserved range to an object which the client 
process wants to commit to disk. The cancel reservation 
option is used either when the client has allocated no OIDs 
from the range or when it intends to abort its transaction. 
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Once the reserved range has been returned, server process 26 
resets the high water mark 180' (step 196) and releases the 
remaining OIDs in the range for use. 

FUNCTIONS COMMON Tn r-r^ En ^nnruv^ 

funrf T ° ia,plenent ***** of these embodiments, the following 
functions are executed either by the client process 18, 20 
22, 24 (for the first embodiment) or the server process 26 
(tor the alternative embodiment). 

Create and P*w-,+ j on an nT n Qbi^r 

fCrea^nVr Create - 0ID - S P*«-0b j ect , of the form 

[Create.OID.Space.Object (Number of 0ID Bits 
Number_of_Partition_Bit S)] creates an OID ~ Spa" and 
partitions the space into a number of ranges. . The 
Number of_0ID_Bits parameter defines the number of bits which 
form the OID. m one embodiment the number of bits in an OID 
xs set to 31 by default and hence the OID Space contains 2» 
(-2 billion) OIDs. This default value assures that by 
default, the OIDs created will fit into a 32-bit long wordf 
However, there is no theoretical upper bound on the Le of 

bound on tr 1 ' alS ° ^ ^ that ° nS PlaCe * *~ 

value of Number_Of_oiD_Bits of less than eight bits is 
rounded up to eight. 

The Number_of_Partition_Bits parameter defines the 
maximum number of client processes which can each reserve a 
range of OIDs concurrently, and hence is equal to the number 

IL H " ° ID SP3Ce ° bjeCt 80 ' In one embodiment 

the default value permits 128 partitions, so as many as 128 

cUent processes can each reserve a range of oi Ds 
concurrently. 

In "^ iti0n ' the "^"io" °* th. OID space object 80 
Hi^h „T J ln ** Creati °" ° f 3 d " a S ~" t«d a 

in th!v ^ " "* " hiCh 13 8 VeCt ° r a " a ^ *»**y 
in the vector represents a particular partition or OID ra„g7 
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Thus in the default example above, the vector would be 128 
locations long; one location for each of the 128 partitions. 
The number stored in a given location in the vector is the 
current largest OID which has been allocated from the range 
which corresponds to that entry location. In one embodiment , 
the high order, most significant bit (for example bit 32, for 
a 31 bit OID) of each location in the vector is interpreted 
as an "in-use tt indicator. That is, if that bit is set (1) , 
the OID range represented by that location has been reserved. 
If the bit is 0, the range is available to be reserved. In 
an alternative embodiment, these bit flags, one per OID 
range, are stored in a separate vector. 

The following pseudocode demonstrates an embodiment of 
the implementation of this function: 

//define maximum and minimum values 

define MAXIMUM_OID_SIZE as 31 //default maximum OID size 
define MINIMUM_OID_SIZE as 8 //default minimum OID size 

//determine whether to use default values 

set NUMBER_0F_0IDS to minimum of Number_Of_OID_Bits and 

MAXIMUM_OID_SIZE 
set NUMBER_OF_OIDS to maximum of NUMBER OF OIDS srd 
MINIMUM_OID_SIZE s e t " " 

NUMB ER_0 F_P ART I T I O 
NS to maximum of 

NUMBER_OF_PARTITIO 
N_BITS and 
NUMBER_OF_OIDS 

set NUMBER_OF_PARTITIONS_CREATED to 2 NUMBER - OF - PARTmoNS 
allocate High_Water_Vector to hold 

(Number_of_Partitions_Created) times 

(Number_of_OIDs + 1) bits 

//initialize high water mark for each partition to the 
//last OID used, which will have 0 in the low order bits 

for each slot in High_Water_Vector 
begin-f or 

set value at slot to s 1 o t * 2 (numberj^oids - numberj^partuions) 
end-for 
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The parameters (Number_Of_OIDs, Number_Of_Partitions, 
Number_Of_Partitions_Created) are attributes of the data 
structure of OID Space object 80 (Fig. 3). 

Reserve a Partition: 

A function termed, Reserve_Partition, of the form 
[Reserve_Partition (Beginning_OID, Ending_OID) ] reserves a 
range of object identifiers. In one embodiment the function 
is a Boolean function which returns TRUE if the reservation 
is successful and FALSE if no range can be reserved. The 
FALSE return occurs only when all partitions are in use, or 
when those that are not in use have been exhausted. If the 
reservation is successful, the function sets the output 
parameters Beginning_OID and Ending_OID to the starting and 
ending OIDs respectively in the reserved partition or range. 
If this function is executed by a client process 18, 20, 22, 
24, this function is followed immediately by the returning 
of the OID Space object 80, back to the server process 26, 
in order to release the lock and make the OID Space object 
80 available for other users. 

The following pseudocode demonstrates an embodiment of 

the implementation of this function: 

for each partition 
begin-for 

if not (partition exhausted or partition reserved) 
then 

begin-then 

set Beginning_0ID to partition's high water 

mark+1 

set Ending_OID to 1 less than start next 

partition 

mark partition as being reserved 
return true 
end-then 
end-f or 
return false 

Cancel a Reservation: 

A function termed, Cancel_Reservation, of the form 
[Cancel_Reservation (An_OID_In_Reserved_Range) ] cancels the 
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reservation for the range of OIDs that contains th OID 
referenced in the parameter An_OID_In_Reserved_Range. In one 
embodiment, this function is a Boolean function which returns 
TRUE if the cancellation is successful and FALSE if the 
cancellation failed because the OID in the parameter 
An_OID_In_Reserved_Range is not in a reserved range. 

In the first embodiment described, the use of this 
function permits the client process 18, 20, 22, 24 to clear 
the high order bit in the High_Water_Vector 81 to indicate 
that the partition containing An_OID_In_Reserved_Range is no 
longer reserved, prior to transferring the OID Space- object 
80 from the client process 18, 20, 22, 24 to server process 
26. In the second embodiment described, the server process 
26 does not need to update the high water mark, since the 
Cancel_Reservation function indicates that no OIDs were 
allocated by the client process 18, 20, 22, 24. However, the 
partition containing An_OID_In_Reserved_Range is marked as 
unreserved. 

The following pseudocode demonstrates an embodiment of 
the implementation of this function: 

find partition containing An_OID In Reserved Range 
if (partition reserved) . ~ ~ . — 

then 

begin-then 

mark partition as being unreserved 
return true 
end-then 
return false 



Set the New High Water Mark 

A function termed, Set_New_High_Water_Mark, of the form 
[Set_New_High_Water_Mark (New_High_Water_Mark) ] is intended 
for use in conjunction with the Reserve_Partition function. 
The parameter New_High_Water_Mark designates the last OID 
allocated by a client process 18, 20, 22, 24. 

Thus, for example, a client process 18, 20, 22, 24 first 
reserves a range of OIDs with the Reserve_Partition function, 
then allocates OIDs from that range as needed when new 
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objects are created., and finally, uses 

Set_New_High_Water_Mark to record the highest OID allocated 

at the end of a transaction. Upon the successful completion 

of the function, a subsequent call to Reserve_Partition will 

return a start value which is one greater than the previous 

high water mark. 

The following pseudocode demonstrates an embodiment of 

the implementation of this function: 

find partition containing New_High_Water_Mark 
if (partition reserved and New_High_Water_Mark > 
previous high water mark) 

then 

begin-then 

remember New_High_Water_Mark 
return true 
end-then 
otherwise 

begin-otherwise 
return false 
end-otherwise 

Locate the High Water Mark 

A function termed Locate_High_Water_Mark, of the form 
[Locate_High_Water_Mark (Partition_Number) ] returns the last 
OID allocated within the specified Partition_Number . The 
function can also be used to determine whether a given OID 
has been allocated yet. If a given OID is above the high 
water mark for its respective partition, it has not been 
allocated. If the OID is below the high water mark, it has 
been allocated, although there is no guarantee that it is 
still in use by an object. 

The following pseudocode demonstrates an embodiment of 
the implementation of this function: 

if (Partition_Number > number of partitions) 
then 

begin-then 

error 

end-then 

Return contents of the High_Water_Vector for the 
Partition Number ~~ 



WO 95/32463 _ PCT/DS9S/02139 



- 17 - 



10 



First OTP in Range 

A function termed Get_First_OID_In_Range, of the form 
[Get_First_oiD_In_Range (Partition_Number) ] returns the first 
OID of the partition specified by Partition_Number. This 
function is implemented such that the first OID of the range 
is returned whether or not it has already been allocated. 
One use for Get_First_OID_In_Range is to find all the OIDs 
in use, but it is also used to find the last OID in the 
previous partition. 

The following pseudocode demonstrates an embodiment of 
the implementation of this function: 

if (Partition_Number > number of partitions) 
then <■ 

begin-then 
15 error 

end-then 

shift Partition Number left by (NUMBER OF OID BITS - 
NUMBER_OF_PARTITION_BITS) + 1 bits ~ ~ - 

return result 

20 ADDITIONAL FUNCTIONS REOUTRF.n FOR THF FTPST EMBOD TMFWT 

In the first embodiment, the transferring of the OID 
Space object 80 between the client processes 18, 20, 22, 24 
and server process 26 requires that the server process 26 be 
able to institute locks on the OID Space object 80 to prevent 
the object 80 from being changed by more than one client 
process 18, 20, 22, 24 simultaneously. One method of 
providing a lock for object 80 is by making object 80 an 
instant update object (IUO) . 

An instant update object is an object with the property 
that changes can be made to the object by one client 
application at a time and once these changes are complete, 
they become immediately visible to other client applications 
regardless of the current transaction mechanism. This is 
true even if the modifying client's transaction is not 
complete or even if the modifying client's transaction 
ultimately aborts. It should be noted that the treatment of 
an object as an IUO need not be inherent to the object or the 
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object's type. In one embodiment, an object is an IUO if and 
only if it is locked with a particular kind of lock, called 
an Instant Update Lock. 

By allowing updates made by one client to be immediately 
visible to other clients, lUOs provide a very high degree of 
concurrency. The method for OID generation described herein 
requires this kind of high concurrency. Specifically, the 
OID Space object 80 is treated as an IUO so that when one 
client modifies the OID Space object 80 so as to reserve a 
range of OIDs, other clients see the modified OID Space 
object 80 so as to avoid reserving the same range but are not 
precluded from immediately reserving other ranges. 

Although IUOs allow clients to see modifications to the 
object that have been made by others, IUOs must prevent 
clients from seeing modifications that are in the process of 
being made. Therefore, the purpose of locking the OID Space 
object 80 with an Instant Update Lock is twofold. First, the 
existence of an Instant Update Lock informs the server 
process to treat the locked object as an IUO. Second, the 
presence of the Instant Update Lock also blocks any other 
clients from reading the OID Space object 80 until it is 
released. 

The presence of such locks produces an additional 
complication which must be dealt with. For example, consider 
that two client applications called client application 1 
(CAl) and client application 2 (CA2) require access to two 
objects called objl and obj2 with Instant Update Locks. 
Suppose that CAl locks objl and CA2 locks obj2. When CAl 
then tries to lock obj2, it will be blocked (as described 
above) because CA2 has obj2 locked. When CA2 then tries to 
lock objl, it will be blocked because CAl has objl locked. 
Both applications could thus be blocked forever, each waiting 
for the other to release its Instant Update Locks. To avoid 
this situation (called a deadlock or deadly embrace), one 
embodiment requires that when a client application acquires 
an instant Update lock, it must make its modifications and 
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release the lock before acquiring any other locks. When a 
client application attempts to acquire a lock while holding 
an instant Update Lock, an error condition occurs. 

The server process maintains each instant update object 
as an element (an IUO_List Element) in a list. Each IUO List 
Element contains the globally unique identifier of an object 
(that is, the DID space object), a pointer to the disk 
representation of the object (the DID space object), an 
indication of whether the OID space object is modified, and 
if locked, a pointer to the transaction which has locked the 
underlying OID space object. Each IUO_List Element contains 
a reference to the next IU0_List Element in the list. There 
is a static pointer to the start of the list. 

SERVER FUNCTTONfi 

The following server functions, read, write, commit and 
abort, handle access to data on the persistent storage 
device. ^ 

Server Rgari Procedure 

The function, Server_Read_Procedure, of the form 
rServer_Read__Procedure (OID, LockJType) ] reads an OID Space 
object 80, having an OID as indicated in parameter OID, and 
locks the OID space object 80 with a lock of the type 
specified in parameter Lock_Type. 

The following pseudocode demonstrates an embodiment of 
the implementation of this function: 

then L ° Ck ~ TyPe ±S an Instant - u P d ate_Lock) 
begin-then 

then 

begin-then 

process) " ( IU0 - List -Element locked by another 

then 

begin-then 

until indicate that client process should wait 

lock is released 

end-then 
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set IUO_List_Element locker to requesting 
process 

end-then 
end-then 

else (IUO_List_Element not found) 
begin-else 

create IUO_List_Element 
., insert new IUO_List_Element into IUO LIST 

for each partition of OID_Space__Object 

mark partition as not reserved 

end-else 
if (IUO not in memory) 
then 

begin-then 

read latest state of IUO from disk 
end-then 
end-then 

return OID Space object to client 



Server Write Procedure 

The function, Server_Write_Procedure, of the form 
[Server_Write_Procedure (OID_Space_object) ] writes the object 
designated by the parameter OID_Space_object to disk and 
unlocks the OID Space object 80. 

The following pseudocode demonstrates an embodiment of 
the implementation of this function. 

if (current transaction has locked a IUO) 
then 

begin-then 

delete old version of IUO_List_Element object 
set IUO_List_Element object to (OID_Space_object) 
set IUO_List_Element modified indicator to true 
set IUO_List_Element transaction locker to 0 
indicate current transaction has not locked an IUO 
end-then 

Server Commit Procedure 

The function, Server_Commit_Procedure, of the form 
[Server_Commit_Procedure ()], modifies the IUO_List_Element 
in the event the client transaction is committed. At commit 
time, the modified OID Space objects 80 held on the server's 
list of IUOs are written to disk. 

The following pseudocode demonstrates an embodiment of 
the implementation of this function. 

for each IUO List Element 
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begin-f or 

if (next IUO_List_Element_modified_indicator is 

true) 

then 

begin-then 

write the IUO_List_Element object to disk 
set the IUO_List_Element_modified_indicator 

to false 

end-then 
end-for 

continue with normal commit procedure 



Server Abort Procedure 

The function, Server_Abort_Procedure (), modifies the 
IUO_List_Element in the event the client transaction is 
aborted. When a transaction is aborted, the server checks 
to see it held any instant update locks (on OID Space 
objects) and if so, it releases these locks so that other 
clients may access these objects. 

The following pseudocode demonstrates an embodiment of 

the implementation of this function. 

if (current transaction has locked an IUO) 
then 

begin-then 

set the IUO_List_Element_locker to 0 

indicate the current transaction has not locked an 

IUO 

end-then 

continue with normal abort procedure 



Server Error Recovery Detection and Correction 

It should be noted that if a client application reserves 
a range of OIDs, and then sometime later, prior to returning 
or cancelling the reservation, the client application or the 
server process terminates abnormally while a range of OIDs 
was reserved, steps must be taken to correct the reservations 
in the OID Space object. In one embodiment, the OID Space 
object is recovered by cancelling all apparent reservations. 

When the OID Space object 80 requested is not already 
in memory, the OID Space object 80 is read from disk and the 
variable Need_Recovery is set to true. The recovery function 
iterates over the OID Space object's High_Water_Mark vector 
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or bit flag and for each partition clears the bit used to 
indicate that the corresponding range of OIDs is reserved. 
Since the OID Space object 80 has just been read into memory, 
it cannot have any ranges reserved, so any reservations must 
have been left over from a previous session which terminated 
abnormally before it could clear this reserved bit. 

MISCELLANEOUS FUNCTIONS 

In addition to the functions described, one embodiment 
of the system has also implemented the following functions 
to provide increased functionality, although these functions 
need not be implemented to utilize the invention. 

Ranges in Use 

A function termed Ranges_ln_Use, of the form, 
[Ranges_In_Use}, returns a value equal to the number of 
ranges currently in use. This number equals the number of 
client applications concurrently allocating OIDs using this 
OID Space object 80. 

The following pseudocode demonstrates an embodiment of 

the implementation of this function: 

initialize Range_Count to 0 
for each partition 
begin-for 

if (partition is marked in use) 
then 

begin-then 

increment Range_Count 
end-then 
end-f or 
return Range_Count 

Highest Range Used 

A function termed Highest_Range_Used, of the form 
[Highest_Range_Used] , returns a value equal to the highest 
range used for OID allocation. It should be noted that while 
no range higher than the returned range can contain allocated 
OIDs, the converse is not necessarily true. There may be 
unused ranges that are lower than the highest range. For 
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example, if N clients reserved ranges and if K of those 

clients cancelled their reservations and the Nth client did 

not cancel, then there could be K ranges which are unused. 

The following pseudocode demonstrates an embodiment of 

the implementation of this function: 

initialize result to 0 
for each partition 
begin- for 

find the high water mark for the partition 
if (high water mark > 
Start_For_Given_Range (partition) ) 
then 

beg in- then 
result = partition 
end-then 
end-f or 
return result 

OTP Size 

A function Get_OID_Size of the form, [Get_OID_Size] 
returns a value which is the number of bits in the OID, which 
is equal to the value of the Number_Of_OID_Bits input 
parameter to the Create_OID_Space_Object function. 

Partitions 

A function Get_Number_Of_Partitions of the form, 

[Get_Number_Of_Partitions] returns a value, which is the 

number of partitions with which the OID Space object was 

created. This value will be equal to the 

Number_Of_Partition_Bits input parameter to the 
Create_OID_Space_Object function. 

EXAMPLE OF OID GENERATION 

The overall flow of processing involved in allocating 
globally unique OIDs is shown below in pseudocode. For the 
purpose of this example, a server process creates an OID 
Space object and writes the object to disk. At some later 
time, a client process requests the OID Space object and the 
server process reads the OID Space object from disk and locks 
the object. The client process then sequentially reserves 
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a range of OIDs, allocates OIDs from the reserved range and 
returns any unused OIDs. The server process then unlocks the 
OID Space object and writes the OID Space object to disk. 
/ 

/Create an OID Space object having a 32 bit OID and 128 
partitions 

/Write the OID Space object to disk 
/ 

Create_0ID_Space_Object (32, 7) 
Server_Wr ite_Procedure (OID_Space_Ob j ect ) 

/ 

/Server read and lock OID Space object 
/ 

Server_Read_Procedure (OID_Space_Object, IUO_Lock) 

/ 

/Reserve a range of OIDs in OID Space object 
/ 

Reserve_Partition (Beginning_OID, Ending_OID) 
Remember Beginning_OID and Ending_OID 
Set Number_Of_Allocated_OIDs to 0 

/ 

/Server write and unlock OID object with range reserved so 
that /other clients can reserve other ranges 



Server_Wr ite_Procedure (OID_Space_Ob j ect) 

/ 

/Allocate OIDs from the reserved range 
/ 

increment Number_Of_Allocated_0IDs for each OID 
allocated 

New_High_Wa ter_Mark = Beg inn ing_OID + 
Number Of Allocated OIDs 



Return the reserved range 

Read the OID Space object 
Set new high water mark 
Write the OID Space object 



Server_Read_Procedure (OID_Space_Object, IUO_Lock) 
Set_New_High_Water_Mark (New_High_Water_Mark) 
Server_Write_Procedure (OID_Space_Object) 



WO 95/32463 _ 

PCT/US9S/02139 



- 25 - 

It should be noted that although the embodiment 
described partitions the OID Space object 80 into a finite 
number of equal partitions, such is not necessary. The 
function which creates the OID Space object 80 and partitions 
the object space can, without much more effort, utilize an 
algorithm to partition the space into unequal partitions. 
Thus it would be possible to have a number of large 
partitions to satisfy the needs of client programs creating 
a large number of objects and a number of smaller partitions 
for client programs creating few objects. 

Further, although the client process presently requests 
a range, it is also possible for the client process to 
request a defined number of OIDs (for example 200 OIDs are 
required) or sets of ranges of OIDs (for example OIDs from 
200 to 400 and 800 to 1200) . Neither of these modifications 
will be outside of the general description of the invention 
as described herein. 

Having shown the preferred embodiments, those skilled 
in the art will realize many variations are possible which 
will still be within the scope and spirit of the claimed 
invention. Therefore, it is the intention to limit the 
invention only as indicated by the scope of the claims. 



WO 95/32463 



PCT/US95/02139 



- 26 - 
CLAIMS 

What is claimed is: 

1. A system for allocating a globally unique identifier to 
an object created in a distributed object oriented database, 
said system comprising: 
a network; 

at least two processors connected to said network, one 
of said at least two processors executing at least one client 
process and 

one of said at least two processors executing a globally 
unique identifier server process, 

one of said at least one client process requesting a 
range of globally unique identifiers from said globally 
unique identifier server process, 

said globally unique identifier server process reserving 
a range of globally unique identifiers for said one of said 
at least one client process requesting a range of globally 
unique identifiers, 

said one of said at least one client process requesting 
a range of globally unique identifiers allocating a globally 
unique identifier from said range of globally unique 
identifiers for each object created by said one of said at 
least one client process requesting a range of globally 
unique identifiers, and 

said one of said at least one client process releasing 
an unused portion of said range of globally unique 
identifiers to said globally unique identifier server process 
upon completion of said allocation of globally unique 
identifiers. 

2. The system of claim 1 wherein said globally unique 
identifier server process transmits a first globally unique 
identifier and a last globally unique identifier from said 
range of globally unique identifiers to said one of said at 
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least one client process requesting a range of globally 
unique identifiers after reserving said range of globally 
unique identifiers. 

3. The system of claim 2 wherein said range of globally 
unique identifiers is selected from a plurality of ranges of 
globally unique identifiers. 

4. The system of claim 3 wherein each range of said 
plurality of ranges of globally unique identifiers contains 
the same number of globally unique identifiers. 

5. The system of claim 3 wherein each range of globally 
unique identifiers is contiguous. 

6. The system of claim 3 wherein said plurality of ranges 
of globally unique identifiers are maintained in an OID Space 
object by said globally unique identifier server process. 

7. The system of claim 6 wherein said OID Space object is 
created by said globally unique identifier server process. 

8. The system of claim 7 wherein said OID Space object is 
created by said at least one client process and is 
transferred to said globally unique identifier server 
process. 

9. The system of claim 1 wherein said at least one client 
process requesting said range of globally unique identifiers 
from said globally unique identifier server process specifies 
a number of globally unique identifiers to be reserved. 

10. A system for allocating a globally unique identifier to 
an object created in a distributed object oriented database, 
said system comprising: 

a network; and 
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at least two processors connected to said network, one 
of said at least two processors executing at least one client 
process and one of said at least two processors executing a 
globally unique identifier server process, 

one of said at least one client process requesting a 
range of globally unique identifiers from said globally 
unique identifier server process, 

said globally unique identifier server process 
transmitting an object identifier space object having a 
plurality of ranges of globally unique identifiers to said 
one of said at least one client process requesting .a range 
of globally unique identifiers, 

said one of said at least one client process requesting 
a range of globally unique identifiers reserving a range of 
globally unique identifiers within said object identifier 
space object, 

said one of said at least one client process requesting 
a range of globally unique identifiers allocating a globally 
unique identifier from said reserved range of globally unique 
identifiers reserved to each object created by said one of 
said at least one client process requesting a range of 
globally unique identifiers, said one of said at least one 
client process requesting a range of globally unique 
identifiers releasing an unused portion of said reserved 
range of globally unique identifiers, and 

said one of said at least one client process requesting 
a range of globally unique identifiers transmitting said 
object identifier space object to said globally unique 
identifier server process • 

11. The system of claim 10 wherein said object identifier 
space object is created by said at least one client process 
and is transferred to said globally unique identifier server 
process. 
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12. The system of claim 10 said globally unique identifier 
server process includes a locking device which locks said 
object identifier space object prior to transmitting said 
object identifier space object having said plurality of 
ranges of globally unique identifiers to said one of said at 
least one client process requesting a range of globally 
unique identifiers. 

13. The system of claim 10 wherein said one of said at least 
one client process requesting a range of globally unique 
identifiers unlocks and returns said object identifier space 
object prior to allocating said globally unique identifier 
from said reserved range of globally unique identifiers to 
each object. 

14. A method for allocating a globally unique identifier to 
an object created in a distributed object oriented database, 
said method comprising: 

requesting a range of globally unique object 
identifiers; 

reserving a range of object identifiers to said at least 
one client process; 

allocating a globally unique object identifier to each 
object created by said at least one client process from said 
reserved range of object identifiers; 

releasing an unused portion of said range of object 
identifiers upon completion of said allocation of said 
globally unique object identifiers. 

15. A method for allocating a globally unique identifier to 
an object created in a distributed object oriented database 
having a network, said method comprising: 

requesting a range of globally unique identifiers; 

retrieving an object identifier space object having a 
plurality of ranges of globally unique identifiers in 
response to said request; 
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reserving a range of globally unique identifiers within 
said object identifier spac object; 

allocating a globally unique identifier from said 
reserved range of globally unique identifiers reserved to 
each object created by said one of said at least one client 
process requesting a range of globally unique identifiers; 

releasing an unused portion of said reserved range of 
globally unique identifiers; and 

returning said object identifier space object. 
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AMENDED CLAIMS 

[received by the International Bureau on 12 Septembre 1995 (12.09.95); 
original claim 8 amended; remaining claims unchanged (1 page)] 

least one client process requesting a range of globally 

unique identifiers after reserving said range of globally 

unique identifiers. 

3. The system of claim 2 wherein said range of globally 
5 unique identifiers is selected from a plurality of ranges of 

globally unique identifiers. 

4. The system of claim 3 wherein each range of said 
plurality of ranges of globally unique identifiers contains 
the same number of globally unique identifiers. 

10 5. The system of claim 3 wherein each range of globally 

unique identifiers is contiguous. 

6. The system of claim 3 wherein said plurality of ranges 
of globally unique identifiers are maintained in an OID Space 
object by said globally unique identifier server process. 

15 7. The system of claim 6 wherein said OID Space object is 

created by said globally unique identifier server process. 

8. The system of claim 6 wherein said OID Space object is 
created by said at least one client process and is 
transferred to said globally unique identifier server 

20 process. 

9. The system of claim l wherein said at least one client 
process requesting said range of globally unique identifiers 
from said globally unique identifier server process specifies 
a number of globally unique identifiers to be reserved. 

25 10. A system for allocating a globally unique identifier to 

an object created in a distributed object oriented database, 
said system comprising: 
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